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21 ...Art> CONVERTER 

22...0RTHOGONAL SIGNAL GENERATION UNIT 
23...INSTANTANEOUS PHASE CALCULATION UNIT 
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25...DIFFeRENCE VALUE CORRECTION UNIT 
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(57) Abstract: An orthogonal signal generation unit converts a signal to be measured into orthogonal two signals which are two 
signals having phases orthogonal to each other. An instantaneous phase calculation unit calculates an instantaneous phase from the 
orthogonal two signals in a range between a predetermined lower limit phase value and a predeteimined upper limit phase value. A 
difference value detection unit detects a difference value of the instantaneous phase. When the difference value of the instantaneous 
phase exceeds the range defined by the lower limit phase value and the upper limit phase value, a difference value correction unit 
corrects the difference value and outputs the corrected difference value. An offset component removal unit removes an offset com- 
ponent contained in the corrected difference value firom the corrected difference value outputted from the difference value correction 
unit and outputs the difference value from which the offset component has been removed. An accumulation unit accumulates the 
difference value from which the offset component has been removed and which is outputted firom the offset component removal unit, 
thereby calculating a jitter amount of the signals to be measured. 
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m m m 

[0001] ^^ma. mit^^yhu—i^K^\^^xmn(DmmK^m-r:by^^i^^Mn^^<Dm 

[0002] y'-^mmi^:^y'M<i^\^X^ ^mm^i^i^^^J:i^iyi?tm^ir^t^(Dm^t:JE 
[0003] ^Ofcfe. ^(Dm(Dv'—i^^mi^^y'J>^^^<Dt^^y'J^^m^ir^m^:dm^ir^ 
[0004] irti:t>ib. y'^i^^/^^m^^^mir?)7'^z;>^/l'^m^Xti. y'^i^^/i^is'^^n 

[0006] ^Jx-fSx SONET (Synchronous Optical Network) /SDH (Synchronous 
Digital Hierarchy) tmtfh^ mn^f-(V'^;y^^mm iJloV ^X\t. 

##fl^:SCftfcl:ITU-'l1|ft'g^G. 825(03/2000) :i<Dfcie). :i<Z>a©^a^j^©^:/ 
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#fP:SCitl : #M2001-133492 ^lO J;5>feT-^n^^^(D^^yiJ'il!l^§g«-t?fi, P 

ms&^^^fe-rsfi+Bit^^ (PD) ^mff ^iji^^^^ (vco) (Dmrnmi^^^m-^m 
[0010] z.Hh<Df^m^m^ir^^mt\^x^(Dmf^:scm2\M. m^w.m(Dii^m^mM. 

#fF:*:®t2:*H#fF6. 621, 860 I^S}*. #fF:5:i^2i;i^-5<-7'^-^i?/^:^^<^ 
[001 1] rOi^^'iJ^SllJS^eiO-ef^, ^a!l5tft#CSrT^n^/y^-<i^i?/W (A/D) 

[0012] ft-^^Jx (n) . ^S!|^m-i-<^ j^^S#:^f c. ^i|>g^Ac. T^i-xx^ /^T^^J^ 

[0013] x(n) =Ac'cos[2 7c (fc/fs)n+ 0 c+ * (n)] — (l) 
fcfcU (n=0, 1, 2, •••) 

SV >lC^ffi;i5ii:^i-52fi#I (n) . Q (n) KWSkVX. Z.(Om^2mm (n) . Q (n) ^ 

[0014] wCl-C. E^2<t-^I (n) . Q (n) ±|E{t-^^Jx (n) {;i*f LTJ^TOJ^^ t^l^^tl^ 

o 
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[0015] I(n) =x(n) =Ac«cosC2 n (fc/fs)n+ 6 c+ 0 (n)] 
Q(n) =Ac«sin[2 7c (fc/fs)n+ 9 c+ <f> (n)] 

•••(2) 

Q (n) ioT^^sp 0 (n) ^^(Dmm^x-oxw-mi.. :i(Dmmim e ( 

[0016] 0 (n) =tan"'[Q(n)/I(n)] - (3) 

[0017] 0 (n) =tan"' [Q (n) /I (n) ] 

= 27c (fc/fs)n+ 0C+ (f> (n) •••(4) 
::r-e. tan"' [Q (n) /I (n) ] (DmWi^XoX^ib^tl^mmLn 0 (n) . - tc 

h It (O^mcUm^^. nOJtJpiJi^UT. laeAlc^'rJ:^}^:. W^W^ e c{z.m^ 

[0018] ^jij^#iEifpi4fi. tiimmmmwmm3-!b^hm:f3^n^±j&(D^oi^^mu 

[0019] y^m+Bi^*ifPi5{*. mfd.^mm.miE^i4i^hmtj^n^wiE^ntimmt. 
iiLm e ct^m^u ^<om^v=^rim^^un)tL.xmm<L^ e (ro^^hm^ 

[0020] -:^-y^mmmUl6i^. V^TiiLm^^^l5jb^hm:f3^tl^i^iy^^^ <t> (n) IC^<5 
[0021] :i<Di;^iy^mn. i^-y^^^ * (n) <om.±Mmi (P-P^t) -^^^ffiCrms) . fcSV>}:i. 

mmm.^^^iy^y^v^=7J^).¥¥Tm%\z^-^xmhfvr^y^^^v'yM^^ ^ 
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[0022] ^(DXoimm.m.i^^m\z.xox. mmi^m^(Di^>y^^mM^^y'^^^^^>:if^ 

(Dm^(D^<-yy^-^nm^m^x^i^y^<DW\Mmm(Dis.r:^^fj:<. m^\±x 

[0023] L/6-L/.C;55f>. ±mVtiy^-(i^^^i^^^<Di^^y^Ml^mmiO(D^^iC^ ^^^t>o 

^^mx\^^ mm<DmT^t^iz.mwii\.xv^oia^^^xh^mf^n e (n)Rm 

[0024] irfj:i:>ib. _hlE<Djg^gg14^t>oiPNHi*B 0 (n) ^t;?y:^T|itBMfe5>L (n) n(D 
[0025] Lfc-6SoT. ±m^tiy'^i^i?/>:)3^(Dl?^y^m^mW:10X^. i^ydfm^(DMM 

nmmm-dmm^tixv^^cDx^ mMm^mm^mx.x^tisi±^^m(Dz:^^y^ 

mm^no:it7!)^x^fj:\^ ^t\^ ^^M.xmmtfj:^o 
[0026] ^mmmjEm47imtf-^mti:mmm e (n) ^mmr^m(D\fyh 

fc{j:j;o-c. i^^yifm^(D^Mm^f^mf>mm^n^o 
[0027] M^ii. m^^m e (n) ^mwir^m(D}f^yhm^4o\fiyhkvtcm^. mmms e 

(n) (z:-^^ti.^y^m+B^^. 

L(n) =2 7c (fc/fs)n+ 0 c 

[0028] ^KD^-^, i^^:/y Vi^j^^gt#:fs;6nooMHz-efetvfi. v^^/iS^ayjeo^^^au^^ 

m mx.^. io^&.±)(Di^y^mM^no::.t^^-^mxh^o 

[0029] rtLf*. JifS#fF:SCil^2 Jcllsm^tvCV {-^ htht. ilEUfcX'fi^iJ^/^;^^ 
(Di^5/^aiJ^^miO;55, j@:^^m^^lHll^ (VLSI) (Dy'y^hl^m ^T. 7^;^h« S ^ 
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o 

[0031] b:L^i!)K 'f^i^^/i^-y:^TJ>^RXJ^^^yhr7--i!rmKm\f^hMmmWm<D^^^^^ 
[0032] _h|Sn^Sr33tf5/ht?^-^fi. Z.<DM^\^^^6G^'X*(Dm^i!)^'^m\Z.tii^iiK 

[0033] 2 7c (fc/f s) ^Ir7lf ixh-e^UT. n^33lf yh-X?^^ir{i . 0 (n) <Dlf 5/hii:{i 

40}fyhX-mt^f:iib.y^--\^^:t:Tm7!)^±M^it40\f-yh(Dm^tm^(Di^^^ 

[0034] ffliJ^fii[<^+B*ii^ (^*H^ji?lfe) ±IB49lf5'hO#-^ 

[0035] Jfc*3, J#^jcJ;oT(^ . ^hia-il 0 isJl_h(Ctjat5:S^ra<^i^5'i?^l!lSSr 

[0036] >fe*3. ±W.Vtcy^^i^i$f/^:^^(Di:^>y^m^mmo<Dm^X'h. I^^+B 9 (n) (D 

^mm^Tifxi^^y^mi^<Dmm^mitir:it7!t^xt^i!tK ^tiKtimm^^^tt 

[0038] i e<j<Sr^^!fe-f :^mm(Dmi<owmi^^^t. 
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mmm^m^±^m^xox^^^tifcmmm^2m^f)^hm^itLn^. ^^^^ 
imm^(24)t. 

miE\^x^iE^tifcm^imm:tj-r^m^mmiEu (25) t. 
m^m^m.^iEmz.^^xmti^ti^mmmiE:^tit:m^^im^h. mmmiE:^n 
fcm^mi^^^^^y^^yhf^^^^^\^xmm:ty±^yh^i^ib^m^^titim^ 
m^mt}'r^yt'7±yh^^m^n (26) 

mm:ty-^^yh^^m^mcx^xm±i^fi^mm:tz7±^yhm^^tm^^Hfcm. 
^immn-r^^tiz.x'o.mm^mmt^(Di^iy^m^^ib^mwui27)t^ 

^Mm-r^i^^yi^mmmmii^mm^M. 
[0039] mm n m^m^.-r^itisbi::. ^mm(Dm2<Dmm^^^t. mmrm^mmtmm 

±mLmutK^\^^^7b^'^fcm3iit^\^\^^mi(Dmmi^mi^^y'$'m 

[0040] mm a mt:mmir^tcib\z^ :$:mm(Dm3(ommi^^^t. mmm^m^jE^tt. 
mmm^m^mmz.x^x^m^fi^mmmmi<Ln(Dm^m7iKmmrmiiL:m 

mmmm<Ln(Dm^im^mmut\.x^m'r^^mmu^mu (25a) 
mmm^m.mmMKx^x^m^ti^mmmmm<D^^mi^Mvx. mm^m 
m^^mm^x^xmm^i^^mmm^i<Ln(Dm^m<D^i&mj^^WjEL-xm:h 
-rscii{cj;«9. mmmmii.m<7ym^m(Dmmi^^^ui-^mf^mk^u(25h) t 
^mir^m'^ti\tm2(DmmKm^i^iym^mw:7!>^mm^ti^. 
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[0041] mm i ^^m^^^tcmc, :^mm(om4(Dmmi^^^ts mmm^mmjE^t, 

mf&mmii.m(Dm^m(D^mu^tvxi^m'r^^mu^iikmm (25a) 

mj^^mmi'ix-ox^m^ti^mmm^^n(Dm6^m<D^^MmM^!m^vxmti 
ir:b^mmM.^^u (25c) t^mir^mii^rcim2<Dmmimoi^iy^mmmmii>^ 

[0042] tffiB s m^m^ir^fum'Z. ^mm(Dm5<Dwmicx^t^ wimm^mmiEnti:. 
mmm^mmmm^x^x^m^ri^mmmmiLm(Dm^imKmmrmiiLi!Q 

mmmmLm(Dm^m(Dyfmmj^tLxmm-r^^mmA^mu (25a) 
mmM^mmmmi^x<>xmm^Mmmmmim(Dm^mi^M\^x. mm^m 
uM^mm^x<>xi^m^ti^mmmmiiL^(Dm^^im^mmM^m^'r^tth 
liZ. mm^^^u^^m^L-xmti'r^^tizx^. mmm^. njismii+ion^ 
m(Dmm^^m^ir^^mm^^m^ (25d) t^mir^mi'^fci^f^2(Dmmim 

[0043] ttfiH s ^^m^ir^tiib ^mm(Dm6(Dmmizx^t^ m^y^r^-^iyhm^m 

X^:^tbibn^mf)^^^^M;<'^V (26a) 

^xm:h^ti^mmmjE^thtzm^m^hm%'r^mwu (26b) ^^^-rs^ic^ 
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xoxm:t}^fi^mmmAE:^f^^tim^m(D^mm^ib^^m^nmu (26c) 

titzm^m(D^m^^mmm'$^mnjEm^x<>xmtj^ti^wim^jE^titc^ 
m^^wir^mn^ (26b) t^mir^mi(DmmKm'Jyi^m^mm7i^mm^fi 

So 

[0045] mm @ ^^mm.ir^fcmc^ ^m:n(Dms<Dmmi^x^t^ mm:t-^-^^yhm^m 
^ifPfi , iikmM^<Di^iy^m.^(Drmmmm}t)mm^tix\, >§^tc:ic*3v nt. 
mm^^mmiEm^x<>xm:h^Mm^mjE^fifz.m^m.-^^hmm:^^'^iym 
^^^^.^•t^fz.}t>(D:fyyh:tym^mtvxmm^mMM(Di:^yi^m.^(DTmm 

[0046] *tfiBB6<)SrM^^«fci6ic, ^mm(Dm9<Dmmi^x^t. mmmmmnm^ 

^fs. «tflEMafl^«-^<O43]ffl^i*H^ltJ«i^5'i5'^-?rtv^tT.0 c^tJ?* (n). n=0, 1. 
2, -i!bfc#^(c:. tf^lEilL3^2^t-^a^L-COI(n). Q(n);ei5:en^*tV 

I(n) =x(n) =Ac*cos[2 7c (fc/fs)n+ 0 c + 0 (n)], 

Q(n) =Ac'sm[2 7c (fc/fs)n+ 0 c+ 0 (n)] 

xm^ti. mmmmLntvx(De (ton)^ 

0(n)=tan"'[Q(n)/I(n)] 

= 2 7i; (fc/'fs)n+ 0 c+ <f. (n) 
-e^^tl^^t. S5^tan-' [Q (n) /I (n) ] «^S5^(ca;o-C^i?>bnStaiBI^^+B 

[0047] mmnm^m^-r^fcmz, ^?^m<Dmio<^Mmi^x^t. mmm^m^mmt 
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Ae(n) = ©(n)-e(n-l) 

= 2 7c (fc/fs) + 4> (n)-<J) (n-1) (fcfdU 0 (-1) =0. dCl-T?. 2 jc (fc 

/f s) f^^^-c^^-v'-fe^/b^^-efc^) . 

ll5>fli[i:b-C<Z) A 0 (rO^M-m-r^tcibiC^ MIBPNNa+BOM^^-ffiirb-CO A 0 (n) 

A0(n) = A0(n) (-tc ^ A 0 (n) ^ tc). 
A 0 (n) = A0(n)+27c (-7c>A0(n)), 
A 0 (n) = A0(n)-2;c (A0(n)>7i;) 

A0(n) = A0(n) (-7C//2^ A 0 (n) ^ 7c/2), 
A 0 (n) = A0(n) + 7c (-tc /2> A 0 (n)) , 
A 0 (n) = A0(n)-7c (A0(n)>7c/2) 

^E^tbfcM^^-fit^UTcOA 0 (n)7b^hmm:ty-^iyhm'^2n (f c/f s) 
«fflB::^->^-fe5'hJ^^;0S^*$tv:fe^flftib-C<DA <f» (n)^LT 
A 4> (n) = <^. (n)-<^ (n-1) 

[0050] SlflE S e<J^^fifei-Sfcii){c, 2|s:Ulig(D^13<0«i^(cj;S^. ttflEa^§P«. 
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U(n) = S A (f) (i) (fcfcU la-^S i=0, 1, 2. iK^^^^^i". ^l^T'. 

U(n) = [* (0)-« (-!)] + [« (l)-« (0)] + [* (2)-* (1)] + + [« (n) 

(n-1)] 

= « (n)-« (-1) 

(n) ^^Urv . 

^(DmWm^-U in) ^ttrlEWJ^ffi-^<Ov^s/i5^^5> 0 (n) i:bTW;^J-r§^120 

[0051] tifia S ^^m^ir^fcH^ ;45:^eg<Di^ l4<D«gm{cJ;S^. 

^5£fi■^^^v^^;l^+B355^g:^i-52o<Dm-^•efe5ll:^2^t^^^:^mi-5^|5g 

mmmmi<Ln^i^m'r^^m^^oxM-m^MttimmmLm(Dm^im^m 

mmmm^m(Dm^m^^mir^^mi^^<>x^m^Mmis.mmm(Dm^ 

mm^m(Dm^m^WjE\^xmiEi^fhfcm^m^mti-r^^ii^t. 
wimm^±m(Dm^im^iE'r^^m^x<>xmt}^MW'mmiE:^nti^^iw. 

mm:^:^±yh^^^m^ir^^mi^x<>xmt}^iri^mm:ty±yh^^it^f^^ 
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[0052] MiE B ^^m^.-r^fcm^. :^mm(Dm5(Dmmi^x^t^ mmrmimmtm 

m^mmm(Dm!^^m(oyfmuM.^^iE\.xmti-t^^t\^^^ 

[0054] ttfiB s ^^mmrr^fcm^. :^mm(D^i7(Dmm^i:.^t. mummLm(Dm^^ 
mmmmLm(r>^^m.^^mir^wmK^oxiskm^fi^mmmm^(om.^ 

mmLm<Dm^m^wimmmim(D^^m(D^muj^tvxiskmir^^mt. 
mmmmm(Dm^m^^mir^^mi^^^xiikm^Mm^mmLm(D^ 

mi^Mvx^ mmmmLn(Dm^m(D^^mA^^m'r^mmi^x^xiikm^M 

mn&mmm<Dm'^m(D^mmM^^^vxmt}ir^m^t^mir^mi4w^i'i 

[0055] mm s ^^m^ir^tiib iz, ^mm<Dmis(Dmm\z^^t. Wimmmm<Dm^ 
mt&mmitL^(Dm^m^^m^^^mzxoxmm^fi^mmmmi^Lm(Dm'5^ 
mmm(Dm^m.t:mmmmm(Dm'^m(D^mmM,t\.x^mir^mfi^t. 
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[0056] itfis g ^^m^ir^tctbi^^ :^mm(Df^i9<Dmmi^x^t. mm^y±iyh^^^ 

^mjEir^mm^^<>xmti^ti^mm^jE^nfcm^m^hmw--r^^mt%:^ 
[0057] ttriE a ^^m^ir^fcibic^ ^mM<D^20(Dmmicx^t. mm:t^'tyh^^^ 

m^^iEir^mmi^^<>xmtj^ti^mmm&tifcw^m(D^mmM^^^m 

mteMjE:^i^tc^m<D^^i^u^^ib^mm^x<>x^}t>hMmm^^ 
^t\.x<DmmmiE^tifcm^m<D^i^m%:mmmmLm(Dm^m.^^iE'r^m 
mKx<>xmti^ti^mmmiE^thfcm^im^^mwir^^mt^mir^mi4(Dm 

[0058] wim n m^m^^^tiiff) i^. :^mm<Dm2i(Dmmi^x^t^ Mm^:7±^yhm^%: 
jm^ir:b^mtis^mMm(Di^yi!fm^<Drmmmmmmm^tix\,^?>m^izi3 

v>-c. mmm^it.^(Dm^m^^iE'r^^mi^x<>xmts^fi^W!m^jE^tiitmi 
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(26d) ^fflv ^5Ml4(^fli#^^:^^e5i^y^»I^^^365|i^$tl5„ 
[0059] ttria S ^^mm-r^tz.^ ic, ;45:^ig<??022oSill-J:5^^ tiflBI^^{M^#m 

^is. mwm^mm^(Dmmm^iSLxy^i^y'^^^n^fhQcisixf^^ (n). n=o, i, 

2, -ibfc^iC, MfBiiL^2fs-^^b-COI(n). Q(n);i»5;ett^*tV 
I(n) =x(n) =Ac'cos[2 7c (fc/'fs)n+ 0 cH- <(> (n)], 
Q(n) =Ac'sin[2?c (fc/^fs)n+ 0 c+ * (n)] 
-C'^^n. ^IBI^mMtb-C<O0 (n) 
e(n)=tan"'[Q(n)/l(n)] 

= 2 7c (fc/'fs)n+ 0 c+ * (n) 

S&IBtan"' [Q (n) /I (n) ] O?^^ Ki:oXi^}i>hM^WmmLm 

[0060] tIrIB S 6<jSr]^^f ;4c^0J<^)023<o^#l;iJ;S^. t&IBPNF^^toll:^' 

A0 (n)^ 
A0(n) = 0(n)-e (n-l) 

= 2 7c (fc/fs) + <f) (n) - « (n-l) (rcffb. 0 (-1) =0. ^^-C. 2 n (fc 
/f s) }*^^-e:^^-fe5/h^5>-^fe^) ^ 

[0061] striE a 6<jsr]^^i-5fc«) :¥-^m(D^2A(oim.K^^t. ^wmmLm<om^ 
A 0 (xi)<o:^mkj^^^iEvx. wm&.tm^^f\^^oKm-JE^fvx:\^^m^ 
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A0(n) = A0(n) (-tc ^ A 0 (n) ^ tc), 

A 0 (n) = A0(n)+27c (-7c>A0(n)), 
A 0 (n) = A0(n)-27c (A0(n)>7c) 

A0(n) = A0(n) (-7c/'2^ A 0 (n) ^ 7c/2), 
A 0 (n) = A0(n) + 7c (-7c/'2> A 0 (n)), 
A 0 (n) = A0(n)-7c ( A 0 (n) > tc /2) 

n (fc/f s) mm:tytyhf^^-Am^^tiit.m^mt\.x<D a <^ c 

n)tVX 

A « (n) = « (n)-<f) (n-1) 
?l:Wi7-rS^24<D^#t;i«l5i^5'i5'iiy^;fe-&*5a^$tT^„ 

[0063] ttfIS S fi^^^^-r^fcJ?) l^. 7^^PJ<Z)m26(D^#{j:J;5i:. ttflHJ^^'-fe^yb^^^J&s 

W;^$ti^MIB:^7*fe5/h^^^d5|^*$tbfcM:9'fe^bX<DA 0 (n) ic^U-C^iZ)^ 
^SrfTV\ U(n) = S A * (i) (fcfdb. ^-^S f*> i=0, 1, 2, n(?5i^fp^^ 

U(n) = [* (0)-<f) (-!)] + [« (l)-« (O)] + [0 (2)-* (1)] + + [« (n) 

-0 (n-1)] 

= « (n)-* (-1) 

(n) Sr^bTV ^;5r ^ i^^J:^) . 
:Z(DmW-m^U (n) ^ttfiaMa!l^lt^<^i^5/i5'fife:5> « (n) tVXmtl't^m25(D 
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[0064] iz.x^i^^y^m^mmRxfi:^^y^m^:^m'r^}ii. wmmm-^-d^ 

[0066] [igi]iaitt. :^^mi^x^i^iy^mmmmRxj^i^^y^m^:^m7Dmm^Mi^^y^m 
mmm<D-mmmm(Dm^^^irzfv2^y^mxh^o 
[i2i2A]igi2Afi. mi(Dmmmmicion^m6^m^AEU<D-m^^'r-:fvi^y^mxh 

So 

[ig2B]iii2B{i. HI i<DmmMmi^i<siir^m^m^jEU<Dm(Dm^^ir:/ti^yi^mx* 

[|g3A]la3A^*. mi(Dmmmm^^if^:ty^i/h^^^^U(D-m^^'ry^iy 
[igi3B]iii3Bf*. mi<DmMmWtiz.:isi-f^:tz7±iyh^^m^n(Dm<om^m'ry^ 

yi!^mx^^o 

mzcm3a^.mi(DmM^mKieif^yir^±^yh^^^^U(D:^hi^m<Dm^^ 
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[0067] ^T. mmi^m-3\,^x^mmKx^i^y^mMmm:Rx^i^y^m^:^m<D-mm 
[0068] min. :^mm izx^-:^^y^m^mmRxj^i^iy^m&:^mf)mm^Mi^iy^m^ 
[0069] :^^m {zx^-:;^y^mmmmn. m^mm^tLrX^ ^ay^ft-^c^siv ^^^:^tH 

d5 ii:^-r52o<Dft^-cfeSiiL^2fi#i (n) . Q (n) (;i^^i-5ii:^fi-^^^§P22 

mmw.^m^^^m2izxoxmm^titcm^m.^2m-^nn), Q(n)t)^hm 
mu2zt^ ^mmmLmnm%2^K^ox%m^nfti^wmmLme {n)<Dm.^ 
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^n26iz.x^xm:h^ti^Wi^:ty±^yhm^Bciim*^fifcmmm^m^ « (n) 
[0070] \^x^i^y^mM:^m\^. m^mti^m^tvx^ ^as^m#^av 

^2{t^l(n), Q{n)l:immT^^mi^XoX^m^fltimmm^2mm(n). Q(n 

mummmB{T{)^%m'r^mm\^^^x%m^fifzMwmmm^B {nxo 

W:^m A 0 (n) Sr^mt-^^Pi^^ tulBPNF^+g 0 (n) (DWMU A 0 (n) ^^m-f" 
5^|5glCj;oT^m$tvSBtflSP^+i0 (n)0|li>'fa:A 0 (n);^^^ ttrlBTRB^^^+B 

ffl[(^j;tf*. -n'^fz.\%-K/2) iimm±jmLnm.m^\t^ -^tm. n /2) 
#i-5f&ffl m^\'i. -Ttt^hn i^tm.- 7c /2ii}^h 7c /2) %m.x.ft.m^K. mwm 
miiLm(Dm^m^Q(n)^^AEvxm&thf:im^mA e {n)^m;fd-r:6^mt. 
Wimmmm^(Dm^m.^ 0 (lO^miEir^^^mi^xoxmti^ty^^MmwjE^^titi 

^j^^vxmm:ty±yhm^T>cibm^^fiit.m^mi^ « (ro^mti'r^&Lmt. 

mm:t-7±^yh^^I)c^^^ir^Wtmi^X<>xmt}^iv^mm:ty±^yh^^Dc-d^ 
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[0071] mfe,rmimmtmm±m.iiLnm.tiz.^^'r^mm<DTmt±m. 
[0072] jr(*:6<jtc{*. m 1 \z.^'r^mw^m\^i:.^'Jv^m'&mm.2o\z.^\ >-r . a/di^ 

[0073] -r/.etp*?. A/D^m^21{*. T•:h^^/(DM'J^^t^c;^1^v:^y:/^/bT7^^^:^^ 

[0074] ^^-e. ft-^^jx (n) ^wutM^(o^Jv^m^mm.io<Dm^tmmz.. wm 

[0075] ii:3^fs#^^§i522{*. t/V-</Vh^m^%-^^. t&iBA/D^|^21d^^>m;t^^ 
tV^ffrlBMO^it-^CcDm^^Jx (n) HiflBbfc^ (2) -e^$tL?)ii:3^2{t-^I (n) 

, Q(n) \zMm^x^ :z.<DU^2m^iixi).Qixi)^mmmnm^23\z.mti'r^o 
[0076] i^w=fi^wiaJ23f*. Mieff?ssffi#^^ifB22d^bm;^$n5S(fiBE^2{f -^K 

n) . Q (n) \z.i:^x^-^^m^m^ e (n) tfjfEb:fe^(3) o?t^i;ij;oT^Ji65g 

la m^Lysi. -i^t^hn (Dm^^m) nxi^isb. zL(DmmwM e (n) ^m.-^mkm^ 

[0077] ^^flt^WgP24{*. ^<D?g^lc:J:oT. MlB^5>1fi^Wlf|524d^p5W;^$tl^lP 
e (n) (DWM^ a 0 (n) tr^mU. rcD^NF^fc+B 8 (n) (Dm.'^m. A 0 (n) ^ 
M^fltMHg|525t;im;^?'rSo 
[0078] A 0 (n) = 0 (n) -0 (n-l) - (5) 

fcfcb. 0 (-1) =0 

[0079] A 0 (n) = 0 (n) -0 (n-l) 
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= [27c (fc/fs)n+ 0 c+ « (n)] 

-[2 Tz (fc/f s) (n-1) +Bc+<t> (n-1) ] 

= 2 7c (fc/fs)+ <i) (n)-.f. (n-1) -(6) 

[0080] m^m^iEU2m-x. m^m:^\w^mu2A\z.x^xmti-^Mmmm © (n) <d 

^^{g A 0 (n) \z.nVX^M'(Dm'^^-m:mz.hK^^. ^^PNp^ft+B© (n)OM 

[0081] A 0 (n) = A 0 (n) (-tc ^ A 0 (n) ^ tc ) 

A 0 (n) = A0(n)+27c (-7c>A0(n)) 
A 0 (n) = A 0 (n)-2 7c ( A 0 (n) > tc) 

•••(7) 

[0082] :L(Dm.'^m.^iEU25\t. ^5>fia^tblfP24{;iJ;o-c^m$tv5StflBpf^+B<o^ 

am§l525a^. MsSM^fit1^ttlgB24(CJ;oT^ai$ttSttflB^m4+B(OM^{iti- 
^LT. MIB^^J^^^mifP25a(Cj;oT^m$*l^mflBm<i+B<^^5>{e<^^ 

jgJ^?ii5fe§P25b^-Sr^-f-5o 

[0083] ia2B{*. m^wMJ£^25(Dm<Dm^^'r'f'^^y^Mxh^o 

[0084] ^<^^^{ia4iiEia525f*. MIEM5^m^ttl§P24l^J:o-C^ffi^n^ttrfeiPNF^+B 
^^^mifP25at. MfBM:9-fit1^m§P24{Cj:oT^m$tV^tfffeP^^+B0^5> 

m^nx^x. mm^m^Ms^m^2bsi\z.:^^xiikm^xi^^ummm<Dm^\% 
<D^ig5^^^e^5feu-cw;^-r5^iii^^i^*sp25ci^*-rSo 
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[0085] ia2C}*, m^m.^lE^25(D^hi^m(Dm^m'f-:f^y^^'^h^o 

[0086] ro^3>m«jEia525f*. m6^m^iiiU24izx^xmm^fh^^^m^^(om 
[0087] yty±iym^^^m6i^. m^m^m.^iEm5K^ox. mx.tf. m^m<Dm 

[0088] Clw-e. :ty'tiyh^^i:>c(Dm^mi^2 n (f c/f s) Xih^t^h. m.^^ A 0 (n) O 
A <i) (n) = <f> (n)-<f» (n-1) —(8) 

[0089] igsAi*. :^y^>yh^^^^U2Q(D~m^^ir^'^y^mxih^o 

[0090] Z.(0:ty'^yV^^^^^2Qn,. MIBl^ail^^^COj^ifeiiCfc^tT^Mffil^^fi 

^M;^^V26at. i^iy^MMmK. r(^>^^y26a^^:^i^ft$^^TV^St^^|B:^:7■fe^y^ 
^!Kr9-^^t-m<SrMIE^^^tEla525{CJ:oTm;0$n5ttrlS«H$tT.fcM^ 
^i^#'r^M^lf|526b^^^i-^o 
[0091] mSBtt. :ty±^yh0.^^^U26(Dm<Dm^^irzfxi^y:!^mXh^o 
[0092] rO:^7-fe5'h^^^*gP26}*. t&fB^SO^^-^COjgigEfCfc&tJJSiflE^ail^tm 
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[0094] :L(o:^:7±^ym^^^U26\t. "j-ib, i!^mM^<o^^^y^^^<^r^mt^mji!)m 
fcm^im^hm^:t7'^yh^^^m^-r^fc.ib(D:fyyh:t^m^^t\^xmm^m 

[0095] mnU27fi^ mm:ty'^iyh^^^^^26Tb>hmt}^M^y^^yh^^r>cibm 

^0(DV'v^1^'9^ « (n) ^LT. i^iy^»;^mif|528{cm;tl'r6o 
[0096] U (n) = Z A * (i) - (9) 

1tlt\^. IS-^5:ri> i=0, 1, 2, n<D)^fP^^-r 

U(n) = [« (O)-(f) (-1)] 
+ [«(!)-« (0)] 
+ [* (2)-* (1)] 

+ 

+ [« (n)-(f) (n-1)] 
= « (n)-« (-1) 

[0097] « (-1) =0^-m{l ^ a^JSmU (n) {*^Sy^m-^C<Oi;^5/i5'^5> 0 (n) 

^U\^X\^^^h\cfi.^, 
[0098] i^5'i5'at^m§|S28H:. t5iaa^lf|5275Ji^fcm;^;$tl^i;^5/^^!fe:9' « (n) {C^UT. ttf 

[0099] ^{j:. Ji|B«^Oi^5/^a!l^^e20<D»jf^^mig-t-S„ 
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[0100] miiMm'^f>^A/'-D^w^2UzX'ox-^>zf]):y^^}in^ y'^a^^/vcDim^^y. 

OV >T2V ^{CE^i-^2ft-^I (n) . Q (n) 7!)mhtl^o 

[0101] :i(DW.^2m^i (n) . Q (n) mmLmM-mn23\zxts^fi. ^(^ic^am-^i ( 

[0102] r(Dl^[^+a 0 (n) }i . |2I4A(j:;^U'CV ^5 t^:. 45393^+8 0 cj&m^h. i^-y^iz. 
[0104] — ^.(DmmirM 0 (n) ^^{tfcM^fift^m§l524-e}i . BI4Bi;i^-t-J:5 m 

m^m 0 (n) i;iov ^-C(Z)^:9■^ii: A 0 (n) mm^wm^ti^o 

[0105] :i<^PNNfe^ 0 (n) (Jiov ^TOM^fit A 0 (n) I^NfC^+B 0 (n) m:k.it. tc 
[0106] *fc. m^b-CV ^>feV |g4B<D#'^i:«iS&fp] t-C% P^{i+a 0 (n) t^- n (Dj&i^ 

7!)^h n (D7&mz7fmmizmti.fcm^iz\^. mfmLm 0 (n) K-D\^^x(Dm^m a 

[0107] :L(DX^fS:mmitm 0 (n) (;ioV ^-C<^M^^^^ A 0 (n) (D:^mMMi'i. m:^ii^. m4 

az^-rx^iz^ m^^mwjEU25i,zxoxmjE^fi^o 
[0108] ia4C{*. m^m.^iE^257!)m7^\^fcm2Aiz^^Mm^<Dm^xih^o 

[0109] -r>JC*5-^. ::(7)ia2AlC;^$tu5^:$>fli[MjE§lJ25{*. Pl^+B 0 (n) {COV ^TOM 

A 0 (n) am^mm mx.i-f. -n^^eiro^n )[Hiz:^^t^\z\'i, 
j^mmu25siizx-^x^mw:M.:dmm^ti^j:y'^(Dx. ^mmmLme (n){;iov>T 

<^ll5>ffiA0(n)^^<^«MlE$ttfc^5>fltA e (n)tVXmmB.m^n25hi)^ 
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[0110] ^UT. :i<Dm^igMlEU25\t. mm^m & (n) ^ (D7&mt^h-n (Dj&mi^^ 

mm^mti^x, mmmB® (n) i^^\^x(Dm^iw.A © (n);5s-7t j;«9/h$<?^eofc 
xmwmii^U25hizxox^^mmLn e (n) {;iov ^-c(D^5>fli A 0 (n) 
(cov^-coM^flttA e in)(Dmm^^^mu\^xmmmk^U25h^^hmti'r:5o 

[01 1 1] iSfc. i<©^1tt«E$P25fi. P^^+B 0 (n) ti^- n (OT&mt^h n (Djfi^lC^ig 
Wi^mtVX. mmLm 0 (n) (JloV ^Xcom^m, a © (n) n J:t);fcc#<?feo/ci!t 

mm^^%U2^h\z:;i'^x^nmmtM © (n) (;iov NT<D^:9-{it a © (n) ^2 tc 
mmi^nm.xmmmk^m5hi)^hm:h-r^o 

[0112] *fc. |g|2Bl;i^$tv^^^{MlEg|525<Z);^lci{i. P^^+B © (n) {;loV^-C(D 
H^fil A © (n) dSBf^t^ia («»J;t}^. -TT ^ A © (n) ^ 7c ) ^5* 
i^;^«ltt^^a525a^^:J;o-C^)g5^^;^s^tii$i^^i:v^(^-e. ^^1^^*00 (n) ie:ov> 

x(Dm^m^Q(n)^^(D^-^miE^tifcm^m^ e Mti^x^mmM^^ms 

[0113] ^bT. r(DM^{ii[ffijE§|525«. I^W=t=i © (n) n (DT&m^^h-n (Dj&im^^ 
i^m^^itX^X, mWcme (n) K^\,^X<Dm^W.^ © (n) j;(9/jN$</^ofc 
^tV^^]eigg^«ll±llPI525al^J;oT^3Sj^^i:UT:KIWb. ^^^^c^<5v^ 
■r^}gi^.^|^*§|525c(;iJ;oT^^I^^+S© (n)(D^5>^it A © (n)^^5*!^^i: 
bT^*i-SJ;5{cM]E$tvfc^5><itA 0 (n)^^^i^;^|^*gP25c/{)^^,m;^-r^o 

[01 14] *fc. ^<D^^MjE§|S25f*> l^^<&+B © (n) t^- n (DT&B^^h n (Djfi^tC^S 
m:.^ih\JX^ mmtm © (n) \z.^\^X<om^m. a © (n) „ J;t);*C#<?5io;rc^# 
let*. ^ti.^:T^jS^^1tWgP25a{e:j;oT^ji^^^bT^fflb. ^fh\z.m^y^^X 

J;5{c«lE$ttfcM:9-1it A e (n)^^3Si^^e^*§|S25cd-bm;^i-So 
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[0115] :z<Dx^ im2Biz^:^Mm^mMiEm5i'i^ m^m a 0 (n) iz^^muM-d^h^ 

[0116] ^it. m2CiZ^:^tl^m^i!mie.U25<Dm^{Ztt^ mf^i<Ln © (n) ^CoV^-C<D 

m^^iu^ e in)f)m^mmm^i-i. -tc ^ a 0 (n) ^ 7t ) mzh^t^ia-t. 
m.M^mu25aKXox^mmj^i!)mm^ti^i:\^^(D-x^. mmm^^une (n){c:ov^ 

[0117] ^UT. :i(Dm^mMlEn25\'i. mmiL^ 0 (n) n (D^7&m^h-n (Dj&m^^ 
mmizm[:VX. m^^m 0 (n) ^^:oV^T<DB^^fi a 0 (n) 7b^-7iX^/b^<fJ:^ti 

t^ia-i. ^ti^^T^mu^mU25a{zx^x^mm^ti.xitkmu ^tt^^:s<5v^ 
x^mmj^mmmshiz^oxmi^mfmLnein) ^cov^T<D^^B[ a 0 (n)^ 

0 (n) (COV ^X<Dm^iU A 0 (n-l) ^ A 0 (n+ 1) lJ:S<5V ^XWMW^ir^X 

[0118] ^/c. ^OM5>{ii:MjEia525{*. P^^iCffi 0 (n) ^S- (Dja^^;?*^?^ (Dj&miZ^i^ 
m^mtVX, m^ne (n) {^loV^-C(7)|l:9'^^i:A 0 in)7!)^nX^:K^<ti:ofct^ 

iz\t, ^ti^^mm^^mmsaKXox^mmj^tvxiikmu ^tnzm^^^^x 
^mmj^^mU25hKXoxmi^mmLme (n) ^cov^ToM5>^ a 0 (n)^:^ 

m 0 (n) tcov ^-C<DM:9-ffi A 0 (n-l) i: A 0 (n+ 1) icS^V ^■ril:^IM^i-^,^:5 

m25h7b^hm:h'r^o 

[0119] fj:^. m2AiZ7^-rm^uwiE^25i-i. mmrmiiLmut^m±mm^mtKm 
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m^WS^mi^2A\ZXoXl!km^flt:MWmmLmS (n)<^ll5>^fi a 0 (n) 

■C. ttf|B^ag!^;^«ltiilaS25at;:J;oT^^ffl$tvfctlf^Pl^ffi0 (n)(0^mA 

0(n)(7)^3gj^^^MjEbfcM^{itA e (n)t:m;^i-^:i^i-<tt).MfBM^iCA e 

[0120] l^fc. l2l2B{J:^-r^5>fiffMiE§P25tt> MIETPSIi+B^SttfiaJiPS^^jit^lC^fe 

(Di/2(:rf^t>%. n)^m^fdm^K. mum.'^mk^U2Ax^m^f\;rzM^m 
mm® (n)o^r$>^ie A 0 {n)(oyfm^^^^^'t^^w^MJ^^U2^aihs 

^^'fii:^W§P24T'^m$nfcHtllEI»mM0 {n)(Dm^m.b.e (n) (C^bT. M 
IB^^J^^^tbgP25alc:J;ot;^m$tVfctulSI^^^*a0 (n) (D^rJ^fit A 0 (n) 

o 

[0121] *fc. ig2C(;i^i-^^jeMiEgl525«. StTlETPSiil^a^it^tflfE-hPm+B^tirJc^fe 

=1=8^ n h\z.^^ir^msitmm-rmm^m- n i:ttris_hPs^+Bfls -k (2 ) 

(Di/2(i-7^^;bt>> 7r)^Mx.fc^'^(Cl. tfffBII5>{it^WgP24-C^ttl$HfcHulSP 
^5|=i0 (n)<Z)M5>ffiA 0 (xi)(D^'^mM.^mmir^^W^MJ^mn2^eih. ttflE 
M5>1ii[=K^ai§IS24t?:^Ui$nfcttrlBPNNi+B0 (n)(D^^^A 0 (n)lC^bT. m 
IB^]*!^^«im§|J25a(Cj;oT:^W$tl.:feStrlBl^lW*B0 (n)<DM5>1fiA 0 (n) 
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[0122] :ty±iyh^^f^^n26i^. ±^<D^vi^VX. tff^M5>^^jE$B25{^J;o 

[0123] i-/jit?*>. m3AK^^n^:ty'kiyh^^f^^U26<Dm^iat. A/D^^21 

[0124] *fc. m3B!,<im^n^:t'7-^yh0.^m^n26(Dm^K\^. ^wmn-^c(Dm^ 
mcRxf'^>yv:yii^m^&ms:d^^^x. :ty±iyh^^2 7z ifcyfs)(Dim^^m<D 

[0125] m3C\Z.^:^tl^:i-y'tiyh0.^m^U26<Dm^{a'i. t^tti*f^©-:^5/ 

^^^^m26tL.x. m3Ciz.^-rx^\z. :i}yhyirym^mti.xmm^mn0i<7)i^ 
^26d^m^^^^tKxv.i:^^y^m^mzAti^MmmLm(Dm^m^ e iro^^h 

^<D::^y±>yh^^r>c^Jm^ir^^ti!)iX^^o 
[0126] ^b-C. ^^gl527f*. MIB:^:7ir5/b^5>^*|fi526{;iJ;oT:t7-fe5'h^5>Dcy65|^ 

[0127] i^5/>5'*^t±iSP28{*. mmmWn27f}^hm:tj^fl^i^y^}^^ * (n) {c:oV^T. 
<Dm^Ummip~pim.mmW.iTms).\i^hi!^yJ^:h^\^^U:^^:!^hy^ 
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[0128] sk±nmvftxoK. :^mmMm<Di^^y^m^mmRxj^i^^y^mm:i3m^yt. mm 

mm^C7b^h±^\.f:iU^2m^l (n) . Q (n) iZX^X^^^mmi<Lm e (n) ^-n 

d^e, 7c <Dmm (Bf^^ffl) ^x-Mi^^tthK^ ^(Dm^^m 0 (n) (Dm^m a 0 (n 
) ^wmu ^(Dmmm e (n) (om^^iw. a 0 (n) i;i^lt. m^it. mm&^m?: 

[0129] rc^fcfe. ^mRXJI^^^^-^<0^ny^^yhmitL^Xn^ n(Dmirtj:fy^^ 

A 0 (n) ^i^l^S>^^ifSS-e#5fcJ?)OtVh^ (^Jx.}*. 16 + l\fvY) t>^^f\.\f 

[0130] Tfe Ji|B^Ji?^^-ef* . 0 (n) S:- 7c t>h n (DmmXi^^X\ ^fc^^. ^ 

[0131] ^ii^fis {>ti:\^i^y^^mMir^m^Kit. mmime {.n)^-n/2-ii^h 11/2(0 

[0132] :L(Dm^. _h|E^ (7) it. 

Ae(n) = A0(n) (-7c/'2^ A 0 (n) ^ 7c/2) 

A 0 (n) = A0(n) + 7c (-7r/2> A 0 (n)) 
A 0 (n) = A0(n)-7c (A0(n)>?c/2) 

••(10) 

[0133] */c. _hSB^Jfe?i^^-e(*. MiJ^m-^CdST-^a^ft^-efe^om-^tJloV ^Tlii 

i^b^c^js, y'^i^^Mt^fhfzmmmw(Di^^y^^m^'r^m^iat. A/n^m^ 
2i^m\^x. ^<Dy'^i:^^Mt^thfcmmm^^m^im^±^^22KmM7^ts 
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